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(54) APPARATUS FOR MEASURING LOW COHERENCE INTER FERENCE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve a higher accuracy with a 
steeper envelope of an interference characteristic curve by partially 
altering the structure of the conventional low coherence interference 
measuring apparatus. 

SOLUTION: There are arranged a main light source as low-coherence 
light source, an interference optical system in which the luminous flux 
emitted from the main light source is divided to be guided to both a 
subject and a control object, while the subject light reflected on the 
subject and the control light reflected on the control object are made to 
overlap and caused interfere with each other, a support means for 
supporting the control object movably and a detection means to detect 
the intensity of the interference light produced from the subject light 
and the control light. Furthermore, a sub-light source, equipped.with 
the center wavelength thereof different from that of the main light 
source, is provided and the luminous flux emitted from the sub-light 
source is made to overlap on the optical path of the luminous flux 
emitted from the main light source, before being divided in the optical 
path thereof by an integrated optical system. At this point, since 
beating is generated in the envelope of an interference characteristic 
curve attributed to the difference in the center wavelength between the 
two light sources a drop on both sides of a peak is produced, thereby 
making the inclination of the envelope steeper. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)] c ^ . ... 

[Claim 1] While dividing the flux of light by which outgoing radiation was earned out from the mam light source wnicn 
is characterized by providing the following, and which is the low coherence light source, and the aforementioned mam 
light source and leading to the both sides of the specimen and a reference object The low coherence interference 
measuring device equipped with a detection means to detect the intensity of the interference light which the interference 
optical system in which double ****-ed reflected in the specimen and the reference beam reflected in the reference 
object in each-other pile, and it is made to interfere, the support means supported possible [ movement of the 
aforementioned reference object ], and the aforementioned ****-ed and a reference beam constitute. The sublight source 
with which main wavelength differs from the aforementioned main light source. Integrated optical system which lays the 
flux of light by which outgoing radiation was carried out from the aforementioned sublight source on top of the optical 
path before [ above ] division is carried out among the optical paths of the flux of light by which outgoing radiation was 
carried out from the aforementioned main light source. 

[Claim 2] The low coherence interference measuring device according to claim 1 characterized by havmg the reference- 
by-location speciality stage which asks for the position of the aforementioned ****-ed on the basis of the position of the 
aforementioned reference object from change of the intensity of the aforementioned interference light which scans the 
position of the aforementioned reference object and the aforementioned detection means detects then. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a low coherence interference measuring device. 
[0002] 

[Description of the Prior Art] At many processes, such as processing of an optical instrument, inspection, and an 
assembly, an interference measuring device is used for the range measurement which investigates a position, an interval, 
etc. of an optical element. Especially, as compared with the wavelength of light, a low coherence interference measuring 
device is used for measurement of a long distance in many cases. Drawing 5 is drawing showing the conventional low 
coherence interference measuring device 50. Incidentally, what is shown in drawing 5 is the interference measuring 
device to which the Michelson type interferometer was applied. 

[0003] The **-ed mirror 58 arranged by the low coherence interference measuring device 50 like a general interference 
measuring device at ****** A-ed, While dividing the light by which outgoing radiation was carried out into both sides 
with the reference mirror 54 laid on the move stage 55 and irradiating it from the same light source 51 to them ****-ed 
reflected in the **-ed mirror 58 and the reference beam reflected in the reference mirror 54 are piled up again, and a 
detector 57 detects the intensity of the interference light which both light constitutes. 

[0004] Here, the light source 51 of the low coherence interference measuring device 50 is the low coherence light source 
with which coherence length carries out outgoing radiation of the light short enough. For example, a super luminescent 
diode (SLD) is used for this light source 51, and full-width-at-half-maximum deltalambda of the wavelength spectrum 
and the main wavelength lambda are set as the predetermined value (for example, deltalambda=7nm, lambda= 680nm), 
respectively. 

[0005] Since the optical-path-length difference of ****-ed from the **-ed mirror 58 and the reference beam from the 
reference mirror 54 serves as intensity of the interference light of both light at this time and it appears, a control section 
59 carries out the monitor of the output of a detector 57, scanning the position of the reference mirror 54, in order to 
detect a position of the reference mirror 54 where this optical-path- length difference becomes 0. At this time, each 
position data (output of the Linear Scale which it had in the move stage 55) Xi of the reference mirror 54, and the optical 
on-the-strength data Li (output of a detector 57) of an interference light in case the position data of a reference mirror are 
Xi are matched mutually. 

[0006] Drawing 6 is drawing showing the optical-path-length difference- interference light strength property curve 
(henceforth an "interference characteristic curve") of the low coherence interference measuring device 50. An 
interference characteristic curve shows much extremal value, and the envelope (constant curve which the aforementioned 
interference characteristic curve touches) of an interference characteristic curve shows extremal value (the extremal 
value of an envelope is hereafter called "peak".) at the time of the optical-path-length difference 0 so that clearly [ this 
drawing 6 ]. 

[0007] If the data-processing section 510 gives predetermined operations, such as smooth differential, to each survey 
data (Li, Xi) which the control section 59 obtained and the relation between the interference light intensity L and the 
position X of the reference mirror 54 is obtained to it, it will distinguish sharply the interference light intensity LA 
corresponding to the aforementioned peak. And it considers that the position XA of the reference mirror 54 which gives 
the value LA is the position which realizes the optical-path- length difference 0, and the value XA is memorized as a 
value which shows ****** A-ed. 

[0008] The above operation is similarly performed in the state where the **-ed mirror 58 has been arranged to ****** B- 
ed, and the position XB of the reference mirror 54 which realizes the optical-path-length difference 0 is memorized as a 
value which shows ****** B-ed. Therefore, the interval of a position A and a position B is obtained by |XA-XB|. In 
addition, on these specifications, in this way, coherence length calls the light set up short "low coherence light", and fully 
calls the light source which carries out outgoing radiation of the low coherence light the "low coherence light source" so 
that a peak may occur in the aforementioned envelope at least in measuring range only at the time of the optical-path- 
length difference 0. 
[0009] 

[Problem(s) to be Solved by the Invention] By the way, in order to high-degree-of-accuracy-ize the low coherence 
interference measuring device 50 explained above, it is necessary to detect correctly the interference light intensity LA 
corresponding to the state, i.e., the aforementioned peak, where the optical-path-length difference of ****-ed and a 
reference beam is set to 0. for that purpose — although what is necessary is just to acquire each optical on-the-strength 
data Li in sufficient precision — the optical intensity of a detector 57 ~ it is very difficult to raise resolution as everyone 
knows 
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[0010] Then, in order to compress an error, it is possible to apply data processing, such as the least square method, to 
each survey data (Li, Xi). However, the data-processing section 510 is complicated in this case, and the fall of processing 
speed is not avoided. Moreover, though it is permitted, if each optical on-the-strength data Li is not acquired at ail in 
sufficient precision, there is a limitation in compression of the error by the operation. 

[001 1] If the wavelength spectral band width of the light source 51 is extended and the coherence length is shortened 
further, since the full width at half maximum of the envelope of an interference characteristic curve will narrow on the 
other hand, interference light intensity will change a lot around a peak, and it becomes easy to detect the state of the 
optical-path-length difference 0. However, since directivity falls [ extending wavelength spectral band width (that is, it 
bringing close to the white light) ], it becomes difficult to apply a general light to equipment. 

[0012] Then, this invention aims at offering the low coherence interference measuring device which the inclination of the 
aforementioned envelope was made to turn steeply and was high-degree-of-accuracy-ized by changing a part of 
composition of the conventional low coherence interference measuring device. 

[0013] . 
[Means for Solving the Problem] A low coherence interference measuring device according to claim 1 or 2 While havmg 
the main light source which is the low coherence light source, dividing the flux of light by which outgoing radiation was 
carried out from the main light source and leading to the both sides of the specimen and a reference object It has a 
detection means to detect the intensity of the interference light which the interference optical system in which double 
****_ e( j reflected in the specimen and the reference beam reflected in the reference object in each-other pile, and it is 
made to interfere, the support means supported possible [ movement of the aforementioned reference object ], and the 
aforementioned ****-ed and a reference beam constitute. Furthermore, this low coherence interference measuring device 
was equipped with the sublight source with which main wavelength differs from the aforementioned main light source, 
and has laid the flux of light by which outgoing radiation was carried out from the aforementioned sublight source on top 
of the optical path before [ above ] division is carried out with integrated optical system among the optical paths of the 
flux of light by which outgoing radiation was carried out from the aforementioned main light source. 
[0014] The interference light intensity produced under the two above-mentioned light sources serves as the sum of the 
interference light intensity produced when the main light source is used independently, and the interference light 
intensity produced when the sublight source is used independently. Therefore, in the envelope of the interference 
characteristic curve of this low coherence interference measuring device, a peak occurs [ an optical-path-length 
difference ] in the state of 0 as usual. However, since a beat arises according to the difference in the main wavelength of 
the two light sources, depression arises on both sides of the aforementioned peak, and the inclination of an envelope 
turns into this envelope steeply. 

[0015] And in a low coherence interference measuring device according to claim 2, the position of the aforementioned 
reference object is scanned and it asks for the position of the aforementioned specimen on the basis of the position of the 
aforementioned reference object from change of the intensity of the aforementioned interference light which the 
aforementioned detection means detects then. In this low coherence interference measuring device into which the 
inclination of the envelope of an interference characteristic curve turned steeply as mentioned above, interference light 
intensity changes a lot around the optical-path-length difference 0. Therefore, the state of the optical -path- length 
difference 0 is certainly distinguishable from change of the intensity of an interference light. And if the position of the 
reference object in this state is referred to, the position of the specimen will be called for with high precision. 
[0016] 

[Embodiments of the Invention] Hereafter, the operation form of this invention is explained based on a drawing. 
Drawing 1 is drawing showing the low coherence interference measuring device 10 of this operation form. In addition, in 
drawing 1 , the same sign is attached and shown about the same part as the conventional low coherence interference 
measuring device 50 shown in drawing 5 . 

[0017] In the low coherence interference measuring device 10, the main differences with the conventional low coherence 
interference measuring device 50 are points that the sublight source 12, the collimator lens 13, and the one-way mirror 14 
are added. Namely, the low coherence interference measuring device 10 Two collimator lenses corresponding to the two 
light sources (the main light source 11, sublight source 12) and each light source (collimator lenses 52 and 13), A one- 
way mirror 14 (it corresponds to integrated optical system), a beam splitter 53 (it corresponds to an interference optical 
system), The **-ed mirror 58 (it corresponds to the specimen), the reference mirror 54 (it corresponds to a reference 
object), It has a condenser lens 56, a detector 57 (it corresponds to a detection means), the move stage 55 (it corresponds 
to support means), a control section 59 (it corresponds to the reference-by- location speciality stage), and the data- 
processing section 1 10 (it corresponds to the reference-by- location speciality stage). 

[0018] In this low coherence interference measuring device 10, the flux of light LM injected from the main light source 
1 1 is changed into the parallel flux of light by the collimator lens 52. Moreover, the flux of light LS injected from the 
sublight source 12 is changed into the parallel flux of light by the collimator lens 13. Through a one-way mirror 14, these 
flux of lights LM and flux of lights LS are led to the same optical path, are piled up, and turn into the flux of light L. The 
flux of light L is divided by the beam splitter 53, a part is led to the **-ed mirror 58, and other parts are led to the 
reference mirror 54. Incidence of ****-ed reflected in the **-ed mirror 58 and the reference beam reflected in the 
reference mirror 54 is again carried out to a beam splitter 53, and it makes an interference light occur on a detector 57 
through a condenser lens 56 after that. 

[0019] Moreover, the reference mirror 54 is installed on the move stage 55. The move stage 55 of a bird clapper is 
movable in the direction of an optical axis from the rectilinear-propagation stage of a stepping motor drive etc. with a 
control section 59. Moreover, the Linear Scale (un-illustrating) which detects the position of the direction of an optical 
axis of the move stage 55 is carried in this move stage 55, and the signal which shows the position is outputted as 
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position data Xi in which the position of the reference mirror 54 is shown. 

[0020] Moreover, a detector 57 consists of the photomultiplier tube which detects the luminous intensity which carried 
out incidence, and outputs the optical on-the-strength data Li in which the intensity of an interference light is shown 
according to directions of a control section 59. Drawing 2 is drawing showing the wavelength spectrum distribution of 
the main light source 1 1 and the sublight source 12. The main light source 1 1 of this operation gestalt is the low 
coherence light source as well as the conventional light source 51 (refer to drawing 5 ). The super luminescent diode 
(SLD) which carried out the gauss type wavelength spectrum distribution is used for the main light source 1 1, and the 
full width at half maximum deltalambdal of a wavelength spectrum and the main wavelength lambda 1 are set as a 
predetermined value (for example, deltalambdal =7nm, lambda 1=6 8 Onm), respectively. 

[0021] On the other hand, the sublight source 12 is the light source with which the main wavelength lambda 2 was set as 
the predetermined value from which the main wavelength lambda 1 of the main light source 1 1 differs. The HeNe laser 
(deltalambda2**0nm lambda 2= 632. 8nm) of single wavelength is used for the sublight source 12. And an incoherent 
(incoherent) relation is realized between this sublight source 12 and the main light source 11. 

[0022] The interference light intensity produced under these two light sources serves as the sum of the interference light 
intensity (refer to drawing 6 ) produced when the main light source 1 1 is used independently, and the interference light 
intensity (it is the mere sine function of an optical-path-length difference) produced when the sublight source 12 is used 
independently. 

[0023] Drawing 3 is drawing showing the interference characteristic curve of the low coherence interference measuring 
device 10. Therefore, in the envelope of the interference characteristic curve of this operation gestalt, a peak (the 
maximum peak) occurs in the state of the optical-path-length difference 0 as usual so that clearly [ drawing 3 ]. However, 
since main wavelength differs, in the envelope of this operation gestalt, the beat has produced the two light sources. This 
beat is generated at the interval (L5=l/deltaD) according to wave number difference deltaD between the main light 
source 1 1 and the sublight source 12 (deltaD=|(l /lambda l)-(l/lambda 2) |). 

[0024] For this reason, depression arose on both sides of the maximum peak corresponding to the optical-path-length 
difference 0, and the inclination of an envelope has turned into them steeply. In addition, in this envelope, a little small 
peak occurs besides the maximum peak corresponding to the optical-path- length difference 0. However, with this 
operation gestalt, in order to distinguish the maximum peak sharply certainly, beforehand, the value of the main 
wavelength lambda 1 and lambda2 of the main light source 1 1 and the sublight source 12 is chosen as a suitable relation, 
and on-the-strength difference deltaL of the maximum peak corresponding to the optical-path- length difference 0 and the 
peak (contiguity peak) which adjoins it is secured to the size of a grade detectable [ with a detector 57 ]. 
[0025] It returns to drawing 1 , and in the low coherence interference measuring device 10, in case the interval of ****** 
A-ed and ****** B-ed is measured, as usual, the **-ed mirror 58 is arranged at each of ****** A-ed and ****** B-ed, 
and the values XA and XB which show ****** A and B-ed are acquired individually. Namely, in the state where the **- 
ed mirror 58 has been arranged at ****** A-ed, a control section 59 carries out the monitor of the output of a detector 
57, driving the main light source 1 1, the sublight source 12, the move stage 55, and a detector 57, and scanning the 
position of the reference mirror 54, matches mutually each position data Xi of the reference mirror 54, and each optical 
on-the-strength data Li of an interference light, and gives them to the data-processing section 110. 
[0026] As mentioned above, since the inclination of the envelope of an interference characteristic curve has turned 
steeply, with this operation form, the intensity of an interference light should turn strangely greatly around the optical- 
path- length difference 0. For this reason, the change in the circumference of the optical-path-length difference 0 also with 
with each optical big on-the-strength data Li which is survey data is shown. 

[0027] Therefore, with this operation form, the sharp-distinction precision of the interference light intensity LA 
corresponding to the optical path difference 0 only in the part into which the inclination of the aforementioned envelope 
turned steeply even if though the contents of an operation in the data-processing section 110 were the same as the former 
increases, and the accuracy of measurement of the position XA A which shows the optical-path- length difference 0, i.e., 
******-ed, increases. Incidentally, if the operation in the data-processing section 110 gives predetermined operations, 
such as smooth differential, to each survey data (Li, Xi) and the relation between the interference light intensity L and the 
position X of the reference mirror 54 is obtained to it, it will consider that the maximum interference light intensity LA is 
a value corresponding to the aforementioned maximum peak, and it will distinguish it sharply, for example. And it 
considers that the position XA of the reference mirror 54 which gives the value LA is the position which realizes the 
optical-path-length difference 0, and the value XA is memorized as a value which shows ****** A-ed. To a pan When 
attaining highly precise- ization, the data-processing section 1 10 is made to memorize beforehand the configuration 
information which shows the configuration (refer to drawing 3 ) of an interference characteristic curve, or the 
configuration of the envelope. And the data-processing section 110 should just remove a measurement error from the 
relation between the interference light intensity L and the position X of the reference mirror 54 by applying data 
processing based on the configuration information, such as the least square method, to each survey data (Li, Xi). 
[0028] Anyway, with this operation form, as for the accuracy of measurement of ****** A-ed, only the part into which 
the inclination of the envelope of an interference characteristic curve turned steeply increases. And the above operation is 
similarly performed in the state where the **-ed mirror 58 has been arranged to ****** B-ed, and the position XB of the 
reference mirror 54 which realizes the optical-path-length difference 0 is memorized as a value which shows ****** B- 
ed. With this operation form, only the part into which the inclination of the aforementioned envelope turned steeply 
increases^also about the accuracy of measurement of ****** B-ed. And as a result, interval jXA-XB| of a position A and 
a position B is obtained with high precision. 

[0029] As explained above, composition of this operation form is certainly high-degree-of-accuracy-ized, although the 
sublight source 12 was only mainly added to the conventional low coherence interference measuring device 50. in 
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addition » although the low coherence light source is used for the main light source 1 1 and the coherence light source is 
used for the sublight source 12 with the above-mentioned operation form - as these light sources - both main 
wavelength - differing - it is even (lambda 1 !=lambda2) » if it carries out, it is desirable to, make large each of the 
wavelength spectral band width of the main light source 1 1 and the wavelength spectral band width of the sublight 
source 12 if possible, unless the directivity is lost generally, full- width- at-half-maximum deltaX of the envelope of an 
interference characteristic curve becomes so small that full-width-at-half-maximum deltalambda of the wavelength 
spectrum distribution of the light source is large (incidentally in the case of the single light source, deltaX=0.693/ 
(pideltanu), however deltanu are the full width at half maximum when assuming the wavelength spectrum distribution of 
the light source to be Gaussian distribution, and expressing as a function of the wave number nu.) - it is -- if it does in 
this way, the both sides of the maximum peak can be made to fall more steeply 

[0030] Moreover, in the above-mentioned operation gestalt, it is desirable to take wave number difference deltaD 
(deltaD=|(l/lambda l)-(l/lambda 2) |) of both the light sources large enough. Since the interval L5 (L5=l/deltaD) of the 
peaks of an envelope becomes small so that wave number difference deltaD becomes large, the both sides of the 
maximum peak can be made to fall more steeply. Moreover, in the above-mentioned operation gestalt, it is good also as 
shortening each of the main wavelength lambda 1 and lambda2 of both the light sources, and asking for the relation 
between the interference light intensity L and the position X of the reference mirror 54 more flexibly according to the 
precision of the move stage 55 or a detector 57 increasing. 

[0031] Moreover, in the above-mentioned operation gestalt, about how of the flux of light LM by which outgoing 
radiation was carried out from the main light source 1 1, and the flux of light LS by which outgoing radiation was earned 
out from the sublight source 12 to pile up, as long as these flux of lights LM and LS are led to the same optical path, you 
may adopt what method. In addition, in the above-mentioned operation gestalt, a control section 59 or the data- 
processing section 110 does not need to be built in the low coherence interference measuring device 10. For example, it 
may replace with the data-processing section 110, and the same processing as an external computer may be made to 
perform. . 
[0032] Moreover, in the profile irregularity measurement as which a high precision is required, this mvention explained 
above is suitable, when measuring the interval of the optical element of a specific kind. Hereafter, the case where the 
above-mentioned low coherence interference measuring device 10 is applied to profile irregularity measurement is 
explained as other operation gestalten of this invention. 

[0033] Drawing 4 is drawing explaining other operation forms. First, the profile irregularity measuring device 40 is used 
for profile irregularity measurement, the profile irregularity measuring device 40 irradiates the light of a predetermined 
wave front also at reference side 45a, and detects the interference fringe which the reflected light in both fields 
accomplishes with the two-dimensional picture detector 410 while it irradiates the light of a predetermined wave front 
like the low coherence interference measuring device 10 at specimen plane 40a in order to observe profile irregularity in 
two dimensions, although it is equipment using interference of light. The profile irregularity of specimen plane 40a can 
be obtained by analyzing the pattern of the interference fringe in an arithmetic unit 411. 

[0034] Here, when the design configuration of specimen plane 40a is the aspheric surface, the profile irregularity 
measuring device 40 may set the wave front of the light which irradiates specimen plane 40a as an aspheric surface 
configuration to correspond to it. however, even if such a light advances, unlike the spherical wave to which the wave- 
front configuration is not changed, it advances - since it is alike, and it follows and the wave-front configuration is 
changed — the relation between the position A of specimen plane 40a, and the position B of the profile irregularity 
measuring device 40 ~ the direction of an optical axis - only — also coming out ~ if it shifts, the state of the light which 
carries out incidence to specimen plane 40a will change a lot, and a measurement error will arise In order to abolish a 
measurement error, it is necessary to measure the interval of specimen plane 40a and the profile irregularity measuring 
device 40. 

[0035] Then, with this operation form, the above-mentioned low coherence interference measuring device 10 is applied 
to this measurement. However, an arithmetic unit 41 1 asks for the profile irregularity of specimen plane 40a based on the 
pattern of the acquired interference fringe, and the interval which the low coherence interference measuring device 10 
measured at this time. Since highly precise range measurement is possible according to the low coherence interference 
measuring device 10 as mentioned above, this profile irregularity measurement as which the precision of under the 
wavelength of light is required can be made to high-degree-of-accuracy-ize certainly. 

[0036] In addition, if the information which the low coherence interference measuring device 10 gives to an arithmetic 
unit 41 1 is information which shows the interval of a position A and a position B, it is good as information on any forms, 
such as combination of the value XA which shows the position A besides value |XA-XB| which shows an interval, and 
the value XB which shows a position B, and combination of the optical on- the- strength data Li and the position data Xi. 
Moreover, you may be that the measurement result of the low coherence interference measuring device 10 is used at the 
time of the alignment of specimen plane 40a and the profile irregularity measuring device 40. 
[0037] 

[Effect of the Invention] As explained above, according to this invention, the inclination of the envelope of an 
interference characteristic curve turns steeply only by adding change to conventional equipment in part, and a highly 
precise low coherence interference measuring device is realized by this. 

[Translation done.] 
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